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(54) PHASE LOCKED LOOP AND ULTRASONIC FLOWMETER 

(57)Abstract: 

PURPOSE: To obtain an inexpensive phase locked loop 
and an ultrasonic flowmeter having simple circuitry 
where a special phase comparator is not employed. 
CONSTITUTION: A phase comparator 101 comprises a 
sequential circuit 5 for phase comparison having two 
input terminals receiving an input signal R and a 
feedback signal V and two output terminals 6, 7 
delivering outputs for advancing or delaying the phase of 
a feedback signal through a loop filter and a voltage 
controlled oscillator, a charge pump circuit 8 receiving 
outputs U, D from two output terminals to synthesize a 
single phase comparator output, detectors 15, 15' 
connected, respectively, with two output terminals in 

order to detect convergence or divergence of the output 

by measuring the duration of '1' and '0* states of output signal, and an operating circuit 16 for 
subjecting the input signal R or the feedback signal V to a predetermined alteration in logical 
value based on an output from the detection circuit thus altering the polarity of the output 
signal from the sequential circuit 5. 
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(2) 

1 

(b) ±i2ttffitt«Sg*^ (b-l) ±E2ffi^*Slt-5 2t> 

ttl*&#;l-5 2':3©ai*S?&fct3firfflJtl5E©fc«)©JB 
flsiilK, (b-2) r®2o®ffl*sr?*»&©{a:^;*§ttT 

*-®tt«jtsiSffiAs^i«-rs5^^->?#>:/i5i?&. 
(b-3) iE-n^n±S2ffl*ffl^tSiK$nTfflA<i^ 
©" 1" :fej;cr 0" <r>immmoM-m%^mmv 

4) ;:®tt»iii?s®ffl*K<to±SA*«^s&tt}ia 
M^jc^s®^a!fii3gS8if^si)n;iiT±ia«^i5ite®m 

[iii*a2i (a) xi3m^<ommm^t2m^^^n. 20 

(b) ji5^®«S£n-5'gi«tcMlfil LTI** fcH D (=fltfc 1 » 

(c) ±E^J^«S*>S®ffi*fcj:D-^r®Sft^*aiiL. 

(d) m^<Dmm'f\z^±t^m=s&^mmn^mmLx 

(e) ±fiiM(Dmw)^(Dm'^mmik^^9iSi^, 

(f) ±i3ffiffii^»i;u-yic:fefts&«ifcii53g**, (f-i) 
:ft-LT»aM^®&«£-?-ti^njiiie). sfciias-&-5 

{a:*j«^;l-5 2^®Hi:b®^*fc:3fi[ffiitl!iE®fc»®JB 
rt^ilK. (f-2) r®2-:3®m;>3ffl^*»^®tii:^<&§ltT 40 

*-®fi[«itiS38tb*s^js-r55^-\'->;5)?>:/isi?s. 
(f-3) -?-n-?n±i22W*«TcsiKsnTffl*m^ 

®" 1" ^fejctr 0" ®^*SI®l^W®;*:/hH«SSttSlb 
THl:^®iR«*fctt58fiiffittStt»-r^«^ftlIl?S, (f- 

4) ^®ift»ii?s®a*icj:o±SA*m^*fctt}ss 

[000 1] 50 



!^H¥8-7 5 5 1 6 

2 

mmk.omm'rtm immtmmm)yr-ir (7x- 
xd »/ H>)v-:/. p L L tKiasns) ®5fe^ic«5 

t>®T&0. !^»CPLL;&Sje#8EiifEfttHcai/&PL 
[0 0 0 2] 

[i«*®ftllS] H7B-jR®PLL®fl|j«S^b. 08 
ttSE*® P L L ICffifflSnTV>Sffifflit«ig®leI»0* 

£ilT^®iaS<&l!iWT5. H7{C:feViT. ^^1 

ttA*©^R*j;txju-:/®»ait^v&§it. mm^ 
nnmLi)^mis.^^\z\wmm\z. imMam-<r> 
^^\z\%m^^(r>mm\z%is\^fz.mim^^^fL^i&. 

[0 0 0 3] 2Hi9fBffl*&¥mT-5n-/tX7-f;l' 
^. 3ttn-/'?X7^;W^'*^6®ffl*(CJ;05!ii^»[iS 

■€-®55iB«iS[»ttam«Wi«vi, 4ttvco*»e®ai 

A®MJI^«S^>«-rsfc*®i>ffl{!lT»D. •€-®tH*tt 
fiffiJtlS!S'v®®ji«#Vt;a:5. VCOffl*ttL«U 
tfPLL®ffl*tLT3fiJffl$n. t&ffli^»C±tjTtt5i- 

[0 0 0 4] 08ttPLL(casfieffl$n«.&«iti!^ 

1 ®lili»«9*^-r. l^(aIie®£¥5)-ttfi«JtiSE®;fcJ?>® 

[0 0 0 5] *fc?gF^ 8 -p^-r*¥i^«5^^ 
mxtb^. iflB«^6:fe<tt;7®#«£EKl6:i;&*-® 

(iffitfc«ttl**^)«UTSS^ 9 i D«il!®;i'-:'7^ 

[0 0 0 6] PLLHC:®J;5»C#|^$nTVi5®-C. 
A:^ft^RfC^tL»ji»^Vtt*i'^»E»®jg«e*ff 
v\ ^iS[»*«l^-lc^istfi«jifiEtcAO, M®^®tt 

[00 07] 

■5 ;S:®m®ftffiit«§§<&«Effl Ufc P L L)&tf ^IcSif^L 

y«#trlg«J|HlK5ttS«®R, v«#®^».THl:^U, 
D*t9i*s®-e;a:<. ja*®iieitcHis-r-5, 

[0 0 0 8] 4o®«#R, V, u, Dm^rnfeNrW 
WJc^ftTs" 1" . " 0" ®i&afi^-e. -€-®iia*^ 
t>-B-tti 6aD&o, -ewa^ssiftotti 2aOT?a& 

® 1 2 a 0 ®ttS8ffif;:ttSViJci^ff 
a&O, c:®Mlg«^L;fc®*^09T»5. 

[0 0 0 9] z. R*<tt;v®x3.-5^w < . 
*»:3ii5«BB®ficffi^fc 1 8 0 • tlt'</jN2lit^®«[J^ 
9 ®tt<2g|l8®mBi«* 0 1 0 K^r. fcifL^ffl 
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3 

L.TV>-5fiffiJtlSESttR*5<tr;v©5t^T*« 0 <£i(ftffi-r 
8 ^iiUTWSftm* a:Ja:S J: -S^lSSnTVi 

-5. 

[0 0 10] mi o(c*tiTRicjttLv®fi[ffi*^anT 
v^^j©^, ufiit" 0" <^ffi*tsnTv®effi*ii*s 

[0 0 11] 01 0®*^5)-tiK«lcffitt®/'^X*5l«. 
ffle9t?ttA*m^RttPLLt3SSrLTVi-5©7?. fct 

A :i 5 ^atffitt®W:^)&^nTjinTVJ5»S« 
^v®fi:ffl*«MicjinTfe, 3 6 0" ir^-rn««sjsi^ 

[0 0 12] vis^huisi^xijm^^immmnvai^ 
LL*a:®jew^^[isat^^c^#g^w•rs. hhw^^^i 

~4 ttH 7 C^fP L L®fl|^^^t|g— T*^®-Tf, 

[0 0 13] 0tt>®^^i oiitfiB!|-r'^friSfr*mn^ 
«?s, 11. 1 1 • tt;inir4S8e>tMisibTStD#»?fc 

[0 0 14] «F^l 2ttPLL|*i®5)-^S4fflHl 

i3\znmhTn)vx^^^\^. -isnwimi-^mwLX^x 

)Bwa5*ite*®«»^ic«tta3nTfg*-r-5)BwsE§m 
m^^mmr^mw>^-c^r)^ 1 4tti@w»[ig«i^ 1 1 

:fectr;afi0?5 1 2 !£«J0«^Tie«iS[®e»;^|6i*« 

0 fc«>®^^-C* -5. 
[0 0 15] PLL;&iC®ja^iS£S5«tt®a)£lHSBfE 

fttwfift^v. ^ut>%m.m^<r>^m^tifinmzis. 

S5^1:rt€flN«WT®mt;5:S ;i t SfJffl-TS. 
[0 0 16] t^:5T£t±Oii?aT?g5*>:fS:J;'51C. :i 
JlTttP L L ® A*fi^R tt«m««C«»Sfi^ V &S 
®IBffflT®JgM|5F?S<£jiLT#fcfe®t^-CSbO, S 

[0 0 17] Lfc*toTe:®PLLJca«®&ffijtlS!S§ 
*ffiffl-rst, ^®W:*J*t±ii®iKgi:ffitt®Ji^PLL 



(3) !RfM¥8-7 5 5 1 6 

[0 0 18] ■r»t)-^^>- 7'>x-f**seio, 

[0 0 19] ::<Dfc&. «£*®PLLSj8^iRSgatttt 
[0 0 2 0] 

JO [^s««¥ft-r5&je)®^a] *5!WttK±®ffis*«? 
m-r^tcmzf3i^titih<Dx, ^^mizm^immmjv 

--/a, A*M^a:»jl«^t©2ft-^&§lt. Sfi^ 
®ffiffiSit«LT-e0&ffllltlSi;fcffl*fi^S#^^ 

ffiffitttiiESt, c®fi«jtsjES*^^®aj*&¥?i-r-5fc 
*©;i/-:/7^';p^'i:. )V--:fy 4 )V9^i]\zi:t)%m. 

jtKgg**. ±S2«^*§its2-p©A*«s^t, 

tt^-eti^enifi*. *fc«ae-&-5WA*#x-5 2t5® 

® 6 ®a*^&§itT*-©fi[ffijttSism* * 

^»cg5ii^$nTHi*tt^®" 1" ^^xr 0" ®ttiB® 

l^ra®:fc/Mi^&tfabTm*®JK«5:*fctt56itffitt* 

*M^*ittt»jiffl^fcmif®i&afi3EMSfp«i)DAT 

±IBJBflt|llK®m*fl^®Stt?&3Bg-rsSf^leIj8*^ 

[0 0 2 1] *fS??c«5ficffiii»!iEje«sa8£« 

«*lte!LT-€-®e«^tCi£:i;fcffi;^«^*#;tSfi[« 
ttlSEffit. ;i©fi:«Jt«E8§A>e®Hl^;!&¥ffr.5fc«>© 
)\'--:fy 4 )\^-:ry4)V9mMz^r)^m^^ 

©m* LT±E»jiM^ Si)-^SS t*^ 
fiffiig»8;v-:/t, S5<*:©iSti^'tKic»iS]bT^i**tc 
Si 0 fjttfc 1 naimn^mi'fh, ±Mi»nm^i^<om 
A t <fc D -*®fi»T&aiiLT)awS[®2i«^-ar5a 
siaiKt, wj(Dmi^\z%±t^mu^^mmn^m 

St, ±iH 1 n<Dmi'^0m. • §M£«o«;^s«iftsg 

±EA*©^t»jiM^^£^ft5 2r3©A*«S^t. JU 

iS«^©&ffi<£-€-n^nji*, ^tcum^'it^iiii]^^ 

2 ■:^offl:^«Si^^£t)^fir^BJtt^E®fc^e)®JB^|iI2S 

t. il®2O0tfl*^?*i5®ffl:^j<£$fj-T#-®{ifcffl 

±m2mij^^\zmmnxmi]m^(D'' i":fe±rr 
50 0" (Di^m<Dmm<D:K'm%^»mLxai3<DiRik^rc 
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(4) 

5 

[0 0 2 21 ±S^a©SUiSIB«(iJ*:®i:i5 0-^*5. 

[0 0 2 31 <%1mm>mx1]m^^3;:xpmm 

5/:/*'>>hSffK " 0" ©«si'frtt^''»*«i?> 
©i^ra*f 1" ©ttffi©i^ffi*)@^fc:itS«i»T-57 

[0 0 2 4] <^1mm2>±x^K■)]m^^^xm&m 
^M©fiffiM*n 8 0° OTt&5J:5«js-r-5ttfc 

«^*SttT±g«;?|llK©til^j*t'' 0" ©«ffitt>C7 
yy*^7>hSffK C©*'»^'®:t-M-7n-ta 
AtCJcO" 0" ®ttffiOl^ra*r 1" ®ttffi®^KOfi 

[0 0 2 51 <mmm>±.UKnmn^i:xmmm 

^®7'i-5^Wit**/h5<, *»:3pm^K©fi«M*tl 
8 0° KTt&Si^fllja-rstfbt, JiERf^HK 

tbTtt, ±E«iuiiHiK®m**5ttT2<a®/vux& 

Sfc t ® y > H ffi* *±i2JB«t|5I?So^^ 

n^n®A*s»c#^siiai5iKts*<rrs, 

[0 0 2 61 

[f^ffll «^»I5Ii»ICj;0(a:ffittt!lEOfc»®Jfi«:|51K®W JO 

^lc|&a«©^5«if^Slin;iT^-©W:ft®fiHt«iRttffi 
ttc^SE-r^®-t?. S!«l:ffitt®ffl**<jl/-y7^;w^»c 

[0 0 2 71 ttffi^»litje««JS*n-»r:feiiTttf8«ffi 
«sitt«icsis-r5. ^^^^^^^^©ffina^^saft 

[0 0 281 

8®^ic»i£rr-5®-p, mmiiw^r^. 

[0 0 2 9] 0tt>®W^l 5. 15' it^-ji'jvimm 
^ 5 ®ffi;fj^ 6 , 7 iCjKlK$nTm*fi^®" 1 " *i 

r;" 0" (D^Wi(omm(D±fm%mmvTmti<Dim 

5©ai*icj:0A*fi^RS&tt!iijim^vfc, ^-r 
sBfs®isa«^igSf^&jnATxv'^;we^isiiiS5® 50 



!^H¥8-7 5 5 16 

6 

L L tC*tt-5fiffiJtlJS 101 tt5^v'i5';HBfl=|Hli8 5 t 
^^r-y^>•:rm tT«*S2n-5t^*®fiffiJttm 1 

fc. mmm&i 5, 1 5* tuft^iHij^i 6*^»tfc*>® 

[0 0 3 01 ^rRKMVYifimnx^^^^^^^mmr 
n«. HQfc^Ti^tc. iRttffitt-cttta^u®" 0" 

«S8l^Hfcifc'<St«»ffitt®ta:^D®*' 0" ©ttll© 
l^WttSVi. l^«®1$attA:^ffi^RfcML«|jiffi^V 

[0 0 3 1] •€-:nf«f9;^tfa:*jufclfB-r-&i'' 0" ® 
1" ®«SIJ;OfiVi^:f?tt56mfftt. )g®t^ 

®" 1" feir;" 0" ®«ll®i^ra®:*:/jNH«, •r;S:t) 
•^M«®]t*fcttMSW-8!|-rn«, ^•®56flStt*t|ft» 
DK:3lriTfel^«fcl 5®«»|HlKtRi;«^ 

®lft»lHlK 15' {c± r)«i»-Cfr«. 
[0 0 3 2] 4ft»|ili»l 5. 1 5' ©.t:OPflg;a:^£0 
2fc, »J®W<£03t^-r. 02tt«^@j«l 5i:LT 

u®i&fflfii&KCf sfci6®'f >n-^. 1 8 fecfcrx 1 
9tt7>H|5lK. 2 0Jii1.|KJ:D^;S.^n^i^a<;/;?© 
^Sr^ftSi^nryi'ST. 2 1 tt7y:/^'»*>?> 
^'^ 2 2tt-€-®r!y:/*'>>hffli^n«;/i/A*«g?, 2 
3\t3^K;>:fj^>h^i^ayi;Xi3i^'^. 2 4\t^n- 
aijiST. 2 5tt2 l®U-fe5' h®fc«5®'7>>'3!y h 

[0 0 3 3] mmJifl" 1" ®t€rttt7>FI5Ii»l 8 
!£SLTi^n5/i^M^*tAAST2 2tCjD*3D. TyT' 
3''>>*>^>^'2 lttT>y7'*'»h<&ff5. r©nT 
> HHIS 1 9 (^»r4i(9itc%-&. 

[0 0 3 4] J*:KfflAeW*^" 0" ©ttllfc;a:*t7 
>HI1K1 8ttai»f«Sii:;ftr), i^Dyi7^g^tt7> H 
IHKl 9SaL.TAA«^2 StJnfcD. ry/^'^> 

tt" 0" ©*?IS©^WttSVi®-c. !|?n-a:*j*tni;5c: 
tttifiVi*^ SSaffiiSm*®*^!:!*" 0" ®<«SI*tfi 
ViO-C, -e®*?®**" 1" ®!Kfi8Cffi3-r*l^ffi«t»fc 

#n-ttiA*«:ij<D-m**a?2 4»csnTffl:*)u 

[0 0 3 5] 7>S/3-;;MHlK2 5ttta*U*r 1" (C 
oT75':/^''>>*':7>^'2 1 su-t-> h-r-5ft^*t> 

[0 0 3 61 03 ic^-r«^«iisK 1 5 (Dm<Dm\m 1 1 

sag 3 ®a:^^ift»^>>'<£ifctjE»i»E< iS:£bfc«^{c 

»3iS:fS^fl:;^n&0%S^L, 2 6tt7 

if. 2 7«-?-©'J-fe5/hA*ffiT. 2 8tt51.e5J;0#^ 
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[0 0 3 7] 7-y:/*'>>^'2 6ttttJAU*«" 1" ©tt 

-5 D *T y T'* > ^. 
[0 0 3 8] T!y:/*>>>^'2 6©ffiS:i:i7D.y^®^ 

nfiS^mffitt®" 1" ®ttffi®Wfr^bii) ®g:*:fii 

:7 n r -5 ± 5 (c-rntf , 5!®[ffitt®«i»*«r 

[0 0 3 9] ^i^\Uf%mc^vf^mii(m^\ 
Ei4tc^-rfi:ffitt^si 0 l®:&^^:09lcJ;cTlllw■r 
s. ll0lc:*ViT^^l*^5 2 6*-ettH3. 7, 8® 

[0 0 4 01 0'^'®^^^2 6' tt7>y:/*^>^'2 6i: 

ra»®75/7'*>»^'-r. ai*D®*sitiisi 5' 

2 9' tt-€-®:t-A--7n-ffl*«8^T».6. 
3 0e2 9*&tt2 9' {CSn.5:t- /t-^n-ffl:^!^ 

iSCT 2 <B®A;i/X*5!^-r-5^':/Ji'/'«;vx5!4|5iK-e 
*0. •e®«]E£«r>HlaIK3 1, 3 1' i&iJS-iyn 
-^'3 2, 3 2' ti)^f>f3:0. 3 3, 3 3' tt-€-®tB* 

[0 0 4 1] ?f^3 4tt*'::rjV/^;i/X5!*leI»3 o®m 

fc*®§&ai|5i85T»r)> ■?-®«*Stt7>H|5|»3 5fe<k 
c;3 5' i:0;fiD, 7>H|5I»3 5, 3 5' ©WAtt^- 

]ffiUfc^^:^;UA;VX56*Ial|»3 0*±t^iai5I»3 4T 

[0 042] gi 4 K^-rcf9tt0 1 0 \zm-rmm(OR. v 

6' tLTttBCD*>>>:5'*fiefflL-Ti£-®:t-A'-7 
D-ffl:^**^' a 5/ i'ft^o 2 ^ffl^)-®/^;!.^^^^^;! 
t&jpjffl-r*. bfc*«tjTffl*«f 2 9, 2 9' J:D# 

[0 0 4 3] mi o\z^-rm-cm^rzi:o\z. 

1 3-??«mffitt*«tBLfct€ric-€-ni?nR* 

fcttV^£2|iI" 0" ®1^ffitcSlg-rntfJ;t»®T. 7> 
HI51K3 1. 3 1 ' ®ffi;^*'f >A-^'3 2, 3 2' T? 
HafitSeUT-f >A*-5'3 2®tH*tt7>HIlK3 
5' JC, 'f>A'-3'3 2' ®{aAB7>F|5IK3 SIClHl 

AS. ci®iies5'>?5'jweffisiK 5 (Dmij\mmm^ii>' 

tfi:fju. D(i»fiffitt®»[f^{r':3^#D-tB*S8 

^2 4®aifp*tfTt>n&V»ig^;&^iST^L.T*-5. :t 
-A'-7n-tilAffl^^2 gfflta^ttD**" 0" 0«^i£ 



(5) !^M¥8-7 5 5 1 6 

8 

i:tjT*>e^-W" 1" ®«l8CfflS-rs^P51a^£i@;lfc 
^Slfc ^7 D 5/ ® 2 yi;uxi|iffia®iE®:i--A-7 o- 

A;px£ffi-r®T. ie^ffi*«s^3 3' (omiji^mit" 

1" ®ttll*»e2(pi'' 0" ®ttll{rj^^-5iJE}^t;fS:S. 
5eic;:®aAi:Rt®7>H{ll*R' t)2|BI^t>E:b 
T" 0" ttffifc^ftS. :intcJ;0M]^bfcJ;5fcttlB« 

1 " 'v®^{t:*§tt, ^SiC#7«igT#2lCM5tU 

*r 1" Ai^" 0" 'st^fliu 3 

iO r®i:#f®R' :fej;t;v' ?&B5{C^-r. ffl* 
U, D®»fP^®»E}^Stt«T*-r. U. Dtt>R:fe<fc 

[0044] 04 ©{iSTBSfPfiS 1 6 t VT^ZTJU/VV 
XS!^I5!K3 0 tl&ai5|K3 4©iffl*^t)1ttL'fc*t. 

^'::^;i/Aj|<'X5!^|5iK 3 o ©f^fc 0 1 3*® -^^ h ^5? 

[0 0 4 5] T-i'i'n:/n-fe-;;'t}-lciD±M©tft 
^liliS 15, 15' ^SfPHIK 1 6 ®j»l8Sf^ff f-S :i 

fflUfc*t. f^t)0C5^^->'#>:/lsIK8®Hl*S*iJffl 
-rsjit-br^s. &fcX2:®«^»c|ijffl-rsffl:^ttx 
J?^;V)Bmiil!S5®W*«^6!5>&®m:)iA^ 7*^6® 

[0 0 4 6] *»cm2®*5SWtC«Sie«i8[S5«tt*BI 
6tcJ:DSiWr«. 0^c;fe^iT^?^l~4:feJ:tX 
1 0~1 4tt, 011®?gF#»C»lS:L, ^^15, 1 

5 ' , 1 6 fiH 1 <D^f^\zMm■^ff>^(;. mm\t%Kt 

a? [0047] *5S?9t0 1 1 ®fie*«l t®^tt!|$»fcM 

ffiikliESl 0 l©JBJ?|5ia5©mAU, D©f8»SttS 
tSiftllilKl 5,15' ■maUTSf^IilKl 6fc±DX 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to improvement of a phase synchronous 
loop (written as a phase locked loop and PLL), and relates to the phase comparator for 
PLL suitable for especially the PLL method ultrasonic flowmeter. 
[0002] 

[Description of the Prior Art] Drawing 7 shows the composition of general PLL, and 
drawing 8 shows the circuit diagram of the phase comparator currently used for the 
conventional PLL, and it explains the outline below. It is the phase comparator which 
gives the output signal corresponding to [ when frequency was same ] the phase contrast 
of both signals corresponding to [ when a sign 1 received an input signal R and the return 
signal V of a loop and the frequency of both signals differed in drawing 7 ] the delta 
frequency. 

[0003] The low pass filter to which 2 carries out smooth [ of the aforementioned output ], 
and 3 are voltage controlled oscillators (VCO and brief sketch) with which oscillation 
frequency is controlled by the output from a low pass filter, and the oscillation frequency 
is usually comparatively high. 4 is a counting-down circuit for carrying out dividing of 
the frequency of the output from VCO, and the output serves as the return signal V to a 
phase comparator. A VCO output may often be used as an output of PLL, and a counting- 
down circuit 4 may be omitted depending on a use. 

[0004] Drawing 8 shows the example of a circuit of the phase comparator 1 usually used 
for PLL. The left half of this circuit consists of digital sequential circuits 5 for a phase 
comparison, the on-ofF output according to the phase contrast of Signals R and V is given 
to a terminal 6 (a signal is written as U), and a terminal 7 (a signal is written as D), and 
Signals U and D are outputted from each terminal. 

[0005] Moreover, the right half shown with a sign 8 is the charge pump section, 
compounds the single phase-comparison output according to each voltage of the 
aforementioned terminals 6 and 7, and gives it to a latter loop filter from a terminal 9. 
[0006] Since PLL is constituted in this way, if a return signal V follows frequency first 
and frequency becomes the same to an input signal R, it can go into phase flattery, and 
the so-called synchronous state whose phase of both signals corresponded can be 
reached. Therefore, it is used usefiil in the latus ranges, such as frequency multiplication 
and a frequency synthesis. 
[0007] 

[Problem(s) to be Solved by the Invention] However, PLL which used the above usual 
phase comparators may not operate effectively, and explains this below. Outputs U and D 
are not decided only by the present R and V signal, but the sequential circuit 5 containing 
a flip-flop is related to progress of the past. 

[0008] Four signals R, V, U, and D are "1" or "0" logic signal which all changes in time, 
and have 16 kinds of the combination, among those the number of stable one is 12. The 
direction which can shift is among 12 kinds of this state mutually, and drawing 9 showed 
this relation. 



[0009] The duty of R and V is small, and the phase contrast between both also shows the 
correspondence relation between a wave when small, and the state of drawing 9 to 
drawing 10 here compared with 180 degrees. However, the phase comparator currently 
used is a thing of a mold which detects falling of R and V, and Outputs U and D are 
constituted so that "0" states may serve as an effective output through the charge pump 8. 
[0010] When the phase of V is behind to R in drawing 10 , the output gestalt which "0" 
conversely long to D side "0" state appears with the output state which a state appears 
and advances the phase of V, and which is called convergence polarity so to speak, and 
delays the phase of V further and which should be called emission polarity so to speak 
exists in the U side, and it depends on the past's progress which gestalt is taken. 
[001 1] A dashed line shows a solid line and the path of emission polarity for the path of 
convergence polarity to the right half of drawing 10 . When the phase of V is progressing 
to R, the same situation exists. In a general PLL application, since the input signal R has 
been independent of PLL, even if it is in the phase of the return signal V which appears 
and is [ even if] behind in the output of emission polarity here further, if it amounts to 
360 degrees, it can go into a synchronous state after all, and will not interfere at all. 
Therefore, generally, distinguish the polarity of an output and it is not treated. 
[0012] However, it explains per ultrasonic flowmeter of the PLL method showing an 
example in case an input signal R produces a problem in response to the influence of a 
return signal V in drawing 1 1 . Since the signs 1-4 of this drawing are the same as that of 
the component of PLL shown in drawing 7 , explanation is omitted. 
[0013] It is one pair of ultrasonic vibrators which duct [ v^th which the fluid which 
should be measured flows ], 1 1, and 1 V countered this aslant, and attached the sign 10 in 
drawing, and a transmitting child and another side operate [ one side ] as a receiving child 
by turns. 

[0014] Moreover, the ultrasonic wave for which the excitation circuit to which a sign 12 
generates a pulse synchronizing with the output of the counting-down circuit 4 in PLL, 
excites one vibrator, and an ultrasonic wave is made to transmit, and 13 spread the inside 
of a fluid is the amplifier which amplifies the ultrasonic input signal which it is detected 
by the vibrator of another side and generated, and is a change machine for 14 switching a 
ultrasonic vibrator 1 1 and the excitation circuit 12, and switching the propagation of an 
ultrasonic wave. 

[0015] Although the measurement principle of the ultrasonic flowmeter of a PLL method 
is already well-known and cannot be touched in detail here, a system carries out self- 
oscillation on the frequency to which the received wave of an input signal R, i.e., a 
receiving child, and the transmission wave of a return signal V, i.e., a transmitting child, 
become in phase in the synchronous state of PLL in short, and the oscillation frequency 
uses the inverse number and the bird clapper of the propagation time T in a fluid of an 
ultrasonic wave. 

[0016] By the way, by the above explanation, the input signal R of PLL is equivalent to 
what obtained the return signal V through the delay circuit of a time delay T electrically, 
and has not been independent mutually here so that clearly. 

[0017] Therefore, although PLL will reach a synchronous state normally and an output 
frequency equal to the inverse number of the expected propagation time will be obtained 
when the output is above-mentioned convergence polarity if the usual phase comparator 
is used for this PLL, since the phase of an input signal R is also subordinate with the 



phase change of a return signal V in emission polarity and it changes, there is no 
opportunity to reach a synchronous state. 

[0018] That is, run away happens and it results in the state where the loop-filter output 
took maximum or the minimum value. Here, a synchronous state is not realized, therefore 
the measurement purpose is not attained. 

[0019] For this reason, the conventional PLL formula ultrasonic flowmeter needed to 
adopt PLL which developed and used the special phase comparator or deformed 
specially, and its circuit was complicated and expensive. 
[0020] 

[Means for Solving the Problem] The phase synchronous loop which was made in order 
that this invention might solve the above technical problem, and starts this invention The 
phase comparator which receives two signals of an input signal and a return signal, 
compares the phase of both signals, and gives the output signal according to the phase 
contrast. Two input terminals in which are equipped with the loop filter for carrying out 
smooth [ of the output fi-om this phase comparator ], and the voltage controlled oscillator 
with which oscillation fi-equency is controlled by the loop-filter output, and the above- 
mentioned phase comparator receives the two above-mentioned signal. The sequential 
circuit for a phase comparison with two output terminals which give the output which 
advances the phase of a return signal, respectively or delays it through a loop filter and a 
voltage controlled oscillator. The charge pump circuit which compounds a single phase 
comparator output in response to the output fi'om these two output terminals. The 
detection circuit which is connected to the two above-mentioned output terminal, 
respectively, measures "1" of an output signal, and the size relation of the time of the 
state of "0", and detects convergence or emission polarity of an output. The operating 
circuit which adds necessary logical-value change operation to the above-mentioned 
input signal or a return signal by the output of this detection circuit, and changes the 
polarity of the output signal of the above-mentioned sequential circuit should be 
prepared. 

[0021] Moreover, the phase simulation formula ultrasonic flowmeter concerning this 
invention The phase comparator which receives an input signal and two signals of a 
return signal, compares the phase of both signals, and gives the output signal according to 
the phase contrast. The loop filter for carrying out smooth [ of the output fi'om this phase 
comparator ], and the voltage controlled oscillator with which oscillation fi-equency is 
controlled by the loop-filter output. The phase synchronous loop which consists of a 
counting-down circuit which carries out dividing of the output of this voltage controlled 
oscillator, and is made into the above-mentioned return signal. One pair of ultrasonic 
vibrators which countered the duct with which a fluid flows and were attached aslant. 
The excitation circuit to which excite one vibrator by the output from the above- 
mentioned counting-down circuit, and an ultrasonic wave is made to transmit. The 
amplifier which amplifies the ultrasonic input signal generated in the vibrator of another 
side, and makes the output the input signal of the above-mentioned phase comparator, 
Two input terminals in which are equipped with the change machine which switches 
transmission and reception of the one above-mentioned pair of vibrator, and the phase 
comparator in the above-mentioned phase synchronous loop receives the above- 
mentioned input signal and a return signal. The sequential circuit for a phase comparison 
with two output terminals which give the output which advances the phase of a return 



signal, respectively or delays it through a loop filter, a voltage controlled oscillator, and a 
counting-down circuit. The charge pump circuit which compounds a single phase 
comparator output in response to the output from these two output terminals. The 
detection circuit which is connected to the two above-mentioned output terminal, 
respectively, measures "1" of an output signal, and the size relation of the time of the 
state of "0", and detects convergence or emission polarity of an output. The operating 
circuit which adds necessary logical-value change operation to the above-mentioned 
input signal or a return signal by the output of this detection circuit, and changes the 
polarity of the output signal of the above-mentioned sequential circuit is provided. 
[0022] The embodiment of the above-mentioned means is as follows. 
[0023] While constituting so that the phase contrast between the <embodiment 1> above- 
mentioned input signal and a return signal may become 180 degrees or less As for the 
inside of the state of*'!", in response to the clock signal given from the exterior as the 
above-mentioned detection circuit, the output of the above-mentioned sequential circuit 
performs a rise count. In the state of "0", a down count is performed and the updown 
counter which detects that the time of the state of "0" exceeded the time of the state of 
" 1 " by the zero output of this counter is provided. 

[0024] While constituting so that the phase contrast between the <embodiment 2> above- 
mentioned input signal and a return signal may become 180 degrees or less, in response 
to the clock signal given from the exterior as the above-mentioned detection circuit, the 
output of the above-mentioned sequential circuit performs a rise count into the state of 
"0", and the time of the state of "0" possesses the rise counter which detects having 
exceeded the maximum to which the time of the state of " 1 '* may happen by the overflow 
output of this counter. 

[0025] While the duty ratio of the <embodiment 3> above-mentioned input signal and a 
return signal is small, and constituting so that the phase contrast between both signals 
may become 180 degrees or less, the double pulse generating circuit which generates two 
pulses in response to the output of the above-mentioned detector as the above-mentioned 
operating circuit, and the logical circuit which is with this circuit output, an input signal, 
or a return signal, and gives an output to each input edge of the above-mentioned 
sequential circuit are provided. 
[0026] 

[Function] Since it detects that the output of the sequential circuit for a phase comparison 
serves as emission polarity by the detection circuit, change operation of a logical value is 
added to the input signal or return signal of the above-mentioned sequential circuit by the 
operating circuit further connected to this and the polarity of the output is changed into 
convergence polarity, it can prevent that the output of emission polarity is given to a loop 
fiher. 

[0027] Since continue the output of emission polarity and it is not given to a loop fiher in 
a phase simulation formula ultrasonic flowmeter, an above-mentioned run away 
phenomenon is prevented and a synchronous state is always realized. That is, the cheap 
usual phase comparator which is excellent in a performance can be used, and it is 
effective. 
[0028] 

[Example] Drawing 1 explains per example of the 1st this invention below. In addition, 
since signs 1-9 correspond to drawing 7 and the sign of 8 in this drawing, explanation is 



omitted. 

[0029] The sign 15 in drawing, the detection circuit which it connects with the outgoing 
ends 6 and 7 of the digital sequential circuit 5, and 15* measures "1" of an output signal, 
and the size relation of the time of the state of "0", and detects convergence or emission 
polarity of an output, 16 is an operating circuit which adds the necessary logical-value 
change operation later mentioned to an input signal R or a return signal V by the output 
of the detection circuit 15, and changes the polarity of the output signal of the digital 
sequential circuit 5. The phase comparator 101 in PLL of this invention should have 
prepared the detection circuit 15, and 15* and an operating circuit 16 in the conventional 
phase comparator 1 which consists of a digital sequential circuit 5 and the charge pump 
section 8. 

[0030] If the case where V is late to R first is explained, as shown in drawing 9 , the time 
of the state of "0" of the output D of emission polarity is [ "0" state time of Output U / 
polarity / convergence ] / long. The same feature is seen when the return signal V is 
progressing to the input signal R. 

[0031] If its attention is paid for example, to the output U there, when the state of "0" is 
longer than the state of "1", emission polarity can be read, and when reverse, convergence 
polarity and a bird clapper can be read. That is, if the ratio or difference of "1" of Output 
U and the size relation of the time of the state of "0", i.e., both, is measured, the emission 
polarity is detectable. It is detectable similarly about D with detection circuit 15* of the 
same composition as the detection circuit of 15. 

[0032] Another example is shown for the more detailed example of the detection circuit 
15 and 15* in drawing 2 at drawing 3 . For an updown counter and 22, as for the clocked- 
into terminal for a down count, and 24, the clocked-into terminal for a rise count and 23 
are [ the clock terminal which receives the clock signal to which drawing 2 shows the 
example which used the updown counter as a detection circuit 15 to, the inverter for a 
sign 17 reversing the logical value of U, and 18 and 19 are given to from an AND circuit, 
and 20 is given from the exterior, and 21 / a borrow output terminal and 25 ] the single- 
shot trigger circuits for reset of 2 L 

[0033] When Signal U is *'r*, a clock signal joins an input terminal 22 through AND 
circuit 18, and an updown counter 21 performs a rise count. AND circuit 19 is in a cut off 
state in the meantime. 

[0034] Next, if an output signal U will be in the state of **0**, AND circuit 18 will be in a 
cut off state, a clock signal will join an input terminal 23 through AND circuit 19, and an 
updown counter 21 will perform a down count. Since the time of the state of **0** is short, 
although a borrow output does not come out with a convergence polarity output, since the 
state of '*0** is long, after the state continues time to be equivalent to the state of '*r* in the 
case of an emission polarity output, a borrow output appears in the borrow output 
terminal 24, and it is shown that Output U is emission polarity. 
[0035] A single-shot trigger circuit 25 generates a pulse, when Output U is reversed to 
**r', and it has the work which resets an updown counter 21 in advance of a rise count. 
[0036] The clock terminal with which 26 receives the clock signal to which other 
examples of the detection circuit 15 shown in drawing 3 show the simplified suitable 
circuit to in the phase simulation formula ultrasonic flowmeter shown in drawing 1 1 
when the output frequency range of a voltage controlled oscillator 3 is set up 
comparatively narrowly, a rise counter and 27 are given to from the reset input terminal. 



and 28 is given from the exterior, and 29 are the output terminals of an overflow signal, 
[0037] The rise counter 26 carries out the rise count of the clock with which Output U is 
given to the clock terminal 28 in the state of "0" although a counter is reset in the state of 
" 1 " and count operation is also forbidden. 

[0038] If the number of digits of the rise counter 26 and the frequency of a clock are 
chosen suitably, and overflow does not take place at the maximum of the time (this is 
equal to the time of the state of "1" of emission polarity) of the state of "0" of 
convergence polarity but it is made for overflow to take place exceeding this a little, 
detection of emission polarity will be possible and it will not have a bad influence on a 
convergence polarity output. 

[0039] Next, the example of the phase comparator 101 shown in drawing 4 per [ in this 
invention ] operating circuit 16 explains. Since signs 1-26 correspond to drawing 3 and 7 
or 8 signs in this drawing, explanation is omitted. 

[0040] Sign 26* in drawing is the rise counter 26 and the same rise counter, it is 
equivalent to detector 15' of Output D, and 29' is the overflow output terminal. A sign 30 
is a double pulse generating circuit which generates two pulses according to the overflow 
output which appears in 29 or 29', the composition consists of AND circuit 31,31' and an 
inverter 32, and 32', and 33 and 33' is the output terminal. 

[0041] A sign 34 is a logical circuit for performing logical operation to an input signal R 
or a return signal V by the output of the double pulse generating circuit 30, and the 
composition consists of AND circuit 35 and 35', and it makes R' and V* the output of 
AND circuit 35 and 35', respectively. The control unit 1 1 shown in drawing 1 consists of 
the double pulse generating circuits 30 and logical circuits 34 which were mentioned 
above. 

[0042] The example shown in drawing 4 applies and is suitable for R of the wave shown 
in drawing 10 , and V input, and it uses that the overflow output has the pulse width for 
two periods of a clock signal as the rise counter 26 and 26* using a BCD counter. 
Therefore, it is with an output terminal 29, and the overflow output and clock signal 
which are obtained from 29', and an output serves as two pulses of a positive clock. 
[0043] Since what is necessary is just to change R or V into the state of "0" twice, 
respectively when emission polarity is detected by state #1 1 or #3, as the example shown 
in drawing 10 described, logical-value reversal of the output of AND circuit 31 and 31' is 
carried out by the inverter 32 and 32', the output of an inverter 32 is applied to AND 
circuit 35*, and the output of inverter 32' is applied to AND circuit 35. As a result, the 
output of the digital sequential circuit 5 shifts to convergence polarity from emission 
polarity. Drawing 5 is the wave of the signal at this time, the case where Signals R and V 
are behind in the phase of V to R is shown, and Outputs U and D have shovra the case 
where operation of the borrow output terminal 24 is not performed per wave of emission 
polarity, as the solid line. Since the output of the overflow output terminal 29 gives off 
the positive overflow pulse of 2 pulse width of a clock at the time beyond time [ to be 
equivalent to the state of *' 1 '* ] width of face after D takes the state of "0", the output wave 
of output terminal 33' turns into a wave which falls to the state of "0" twice from the state 
of "1" after all. fiirther — this output and R ™ and output R' also corresponds twice and 
will be in "0" states As this mentioned above, it moves from a state to #6 from #11, and if 
Output D receives the change to "1" from "0*' and it results in #2 through #7 ftirther, U 
will change to "0" from "l" and a state will amount to #3 here. R* and V at this time are 



shown in drawing 5 . Moreover, a dashed Une shows the wave after operation of Outputs 
U and D. U and D become a convergence polarity output in the cycle after R and V; 
[0044] Although considered as the combination of the double pulse generating circuit 30 
and a logical circuit 34 as a control unit 16 in the example of drawing 4 , if one pair of 
shift registers are used instead of the double pulse generating circuit 30, logical- value 
change operation more complicated than this example can also be performed, 
[0045] Moreover, it is also possible to execute the fiinction of the above-mentioned 
detection circuit 15, and a 15* and an operating circuit 16 by proxy by the microprocessor. 
Although output signals U and D were fiirthermore used by this invention, the output of 
the charge pump circuit 8 can also be used instead. However, it is necessary to opt for the 
output used in this case by the output, the output from 7, or another means from an output 
terminal 6 of the digital sequential circuit 5. 

[0046] Next, drawing 6 explains the ultrasonic flowmeter concerning the 2nd this 
invention. In addition, since signs 1-4, and 10-14 correspond to the sign of drawing 1 1 in 
drawing and a sign 15, 15*, and 16 correspond to the sign of drawing 1 , explanation is 
omitted. 

[0047] Since the emission polarity of the outputs U and D of the sequential circuit 5 of 
the phase comparator 101 shown in drawing 1 is detected by the detection circuit 15 and 
15' and necessary logical-value change operation is added to an input signal R or a return 
signal V by the operating circuit 16, v^thout the difference of this invention and the 
conventional example of drawing 1 1 needing the phase comparator developed specially, 
emission polarity is changed into convergence polarity into a short time. Therefore, the 
so-called run away phenomenon does not happen, but the normal measurement of it is 
attained. 

[0048] The phase synchronous loop concerning this invention can be used besides an 
ultrasonic flowmeter. That is, if between the excitation circuit 12 and amplifier 13 is 
transposed to an electric delay circuit in drawing 6 , this circuit will enable measurement 
of the time delay (inverse number) in high resolution from the output frequency of a 
voltage controlled oscillator 3, 

[0049] Moreover, in drawing 6 , the acoustic velocity in a fluid is measurable with high 
resolution from the output frequency of the voltage controlled oscillator 3 in case the rate 
of flow of a fluid is zero. Furthermore, the temperature characteristic of acoustic velocity 
is able to measure the temperature of a fluid with high resolution from acoustic velocity 
using a known fluid. 
[0050] 

[Effect of the Invention] Since emission polarity can be changed into convergence 
polarity by detecting an emission polarity output and operating a phase comparator input 
or a return signal from the sequential-circuit output in a phase comparator according to 
this invention indicated to have explained with the example above by the claim 1, an 
input signal and a return signal can apply a phase synchronous loop effectively in the 
application which has not been independent mutually. 

[0051] Moreover, according to the example shown in embodiments 1, 2, and 3, the phase 
synchronous loop of comparatively cheap and easy circuitry can be obtained, fiirther, 
without using a special phase comparator and a deformation circuit, according to this 
invention indicated by the claim 2, a run away phenomenon can be prevented and normal 
measurement can be enabled. 



[Translation done.] 



